INTRODUCTION {#sec1-1}
============

The regulation of extracellular matrix in both physiologic and pathologic conditions is carried out by different protease systems which include cysteine proteinase, aspartic proteinase, serine proteinase, and metalloproteinases.\[[@ref1]\] Metalloproteinases consist of several superfamilies, of which metzincin is of prime important.\[[@ref1]\] The matrix metalloproteinases (MMPs) belong to this family, and the hallmark of these is that they bind to the zinc at the catalytic site and have a conserved Met-turn motif.\[[@ref2]\] These MMP family proteins have a dual role, in the pathogenesis of inflammation by causing tissue destruction and also by stimulating the protective immune responses.\[[@ref3]\] MMPs are produced by odontoblasts and they have a wide role in dental caries and periapical inflammation.\[[@ref1]\]

The aim of the study is to mainly evaluate the regulation of MMP-3 gene in inflammation. MMPs are classified into five main classes as collagenases, gelatinases, stromelysins, matrilysins, and membrane-type MMPs.\[[@ref1]\] MMP-3 comes under stromelysins.\[[@ref1]\] MMP-3 has been identified in the pulp, odontoblasts, predentin, and dentin.\[[@ref4]\] Many other MMPs such as MMP-8, MMP-2, MMP-9, MMP-14, and MMP-20 are also identified as main MMPs in the pulp, odontoblasts, dentin, and predentin along with MMP-3.\[[@ref5]\] The role of MMPs in mature odontoblasts are physiological secondary dentin formation, mineralization in intact and healthy teeth, degradation of matrix during dental injury, pulpal inflammation and tertiary dentinogenisis.\[[@ref6]\] MMPs and tissue inhibitors of metalloproteinases (TIMPs) partially regulate the inflammatory pulpal tissue destruction.\[[@ref1]\] MMP-3 seems to have a predominant role in pulpitis that other MMPs do not share. The concentration of MMP-3 was found to be higher in the acute pulpitis compared to the normal pulp tissue.\[[@ref7]\] MMP-3 acts as a mediator in healing of dental pulp as an anti-inflammatory and regenerative factor.\[[@ref8]\] They promote fibroblastic wound healing, reparative dentin formation, and helps in angiogenesis in pulpitis.\[[@ref9]\] Significantly higher levels of MMP-1, MMP-2, and MMP-3 are seen in cases of acute pulpitis rather than in normal pulp tissue.\[[@ref10]\] Expression of MMPs in adult tissues is quite low. However, its level seems to increase in pathological states with excessive destruction as in cases of chronic inflammation and destructive bone lesions.\[[@ref11]\] Under normal conditions, the degradation and synthesis of the extracellular matrix are balanced. Hence, there is not much variation in the expressed MMP levels or expressed in low levels.\[[@ref1]\] Its activity is seen more whenever active remodeling of tissues is needed and its level raises dramatically.\[[@ref1]\] MMPs seem to have a role in periapical lesion and its inhibition increases the level of the lesion.\[[@ref12]\] MMP-1 has been found to be one of the key enzymes in the periapical lesion by initiating the bone resorption in cases of periapical lesion.\[[@ref13]\] The other MMPs found in periapical lesions are MMP-2, MMP-3, MMP-8, MMP-9, and MMP-13.\[[@ref14][@ref15]\] These studies proved that MMPs are mainly involved in the defensive reaction against the microorganisms present in the pulp and periapical area, and the increase in the level of the lesion is mainly due to advanced infection leading to the spread.\[[@ref1]\] Taking all these studies into consideration, it can be said that MMPs do play an important role in the spread of the pathology by degrading collagenous tissue. At the same time, they act as essential components in physiological tissue remodeling by promoting angiogenisis and reperative dentin remodelling..\[[@ref1]\]

MATERIALS AND METHODS {#sec1-2}
=====================

Cell culture {#sec2-1}
------------

Lipopolysaccharide (LPS)-induced murine macrophage-like RAW 264.7 cell lines were obtained from the cell bank. The cells were maintained in Dulbecco\'s modified Eagle\'s medium plus 10% fetal bovine serum, supplemented by penicillin (100 U/mL) and streptomycin (100 μg/mL), under a temperature of 37°C, and atmosphere of 5% of CO~2~ and 90% humidity.

Materials {#sec2-2}
---------

The primer design is carried out with the aid of Primer Software. All the primers were synthesized from Sigma Genosys, Bangalore, India \[[Table 1](#T1){ref-type="table"}\]. M-MuLV Reverse Transcriptase and RNase Inhibitor were purchased from Fermentas (Thermo Scientific).

###### 

The primers used

![](JCD-21-592-g001)

Methods {#sec2-3}
-------

### Total RNA isolation {#sec3-1}

Add 0.1 ml of 1-bromo-3-chloropropane and close the sample vial tightly. Shake vigorously for 15 s and allow standing for 10 min at room temperature. Centrifuge the resulting mixture at 12,000 g for 15 min at 2°C--8°C. Transfer the aqueous phase to a fresh tube and add 0.5 ml of 2-propanol. Allow the sample to stand for 10 min at room temperature. Centrifuge at 12,000 g for 10 min at 2°C--8°C. Discard the supernatant and wash the pellet with 1 ml of 75% ethanol. Briefly, dry the RNA pellet for 5--10 min by air drying. Dissolve the pellet in 50 μl of diethyl pyrocarbonate-treated water. Quantity and purity of isolated RNA are confirmed by spectrophotometry. The integrity of isolated total RNA is confirmed by formaldehyde agarose gel electrophoresis.

### Quantification of total RNA {#sec3-2}

For a 1-cm path length, the optical density at 260 nm (OD~260~) equals 1.0 for 40 μg/mL solution of RNA.

Calculations of RNA concentration = 40 μg/mL × OD~260~× dilution factor[\*](#fn1){ref-type="fn"}

### RNA sample preparation and electrophoresis {#sec3-3}

Add 5 μl of RNA sample (\~8 μg of total RNA) to 13 μl of sample buffer. Add 1 μl of 10 mg/ml ethidium bromide. Mix gently and heat to 65°C for 10 min. Cool on ice. Add 3-μl loading dye and mix gently. Load the samples on gel. Run the gel at 5 V/cm until the bromophenol blue dye has migrated approximately 3/4 of length of the gel.

### First-strand synthesis (cDNA synthesis) {#sec3-4}

Add the following components in sterile nuclease-free tube \[[Table 2](#T2){ref-type="table"}\].

###### 

The components used for the reaction setup
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Mix gently and centrifuge briefly. Incubate the reaction mixture at 37°C for 1 h. Stop the reaction by heating the content to 70°C for 10 min.

### Polymerase chain reactor amplification of specific gene {#sec3-5}

About 2 μl of reverse transcription reaction product from the above reaction was used for polymerase chain reactor (PCR) amplification \[[Table 3](#T3){ref-type="table"}\].

###### 

The components used for polymerase chain reactor amplification

![](JCD-21-592-g003)

PCR amplification was carried out on an Eppendorf Mastercycler^®^ ep (Eppendorf AG, Germany). Cycling conditions used were as follows: initial denaturation at 94°C for 5 min, 34 cycles of 94°C for 40 s, 65°C for 60 s, 72°C for 60 s, and a final extension at 72°C for 10 min.

The amplified products were separated on a 1.0% agarose gel in 1XTBE at 75V for 3 h. The gel was stained with ethidium bromide, and the amplified product was visualized and photographed on Gel Doc system.

### Polymerase chain reactor amplification of specific gene {#sec3-6}

Real-time PCR (RT-PCR) shows only bands at expected size of 595 bp for internal control amplification (GAPDH gene) \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].

![Representing the bands of matrix metalloproteinases-3 compared with GAPDH at three different intervals of time](JCD-21-592-g004){#F1}

![Comparing the relative levels of matrix metalloproteinases-3 with negative control at 1, 2, and 3 h intervals](JCD-21-592-g005){#F2}

The relative levels from different control were analyzed by densitometry, and the data are presented as mean intensity in relative arbitrary densitometric units ± standard error of the mean with *n* = 3. Values bearing different letters are statistically different with \*P \< 0.001 compared to negative control.

RESULTS {#sec1-3}
=======

RT-PCR showed only bands at expected size of 595bp for internal control amplification of GAPDH gene. Results showed a statistical significant rise (p\<0.05); in the relative levels of MMP-3-mRNA when compared with negative control at 1,2 and 3 hour intervals.

DISCUSSION {#sec1-4}
==========

In this study, murine macrophage-like RAW 264.7 cell lines were obtained from the cell bank, and these were induced by LPS to stimulate the inflammatory conditions in these cell lines. RT-PCR amplification was carried out for a specific gene, and the amplified products were separated on a 1.0% agarose gel and stained with ethidium bromide, and the amplified product was visualized and photographed using Gel Doc system. Results of overexpression or downregulation of a micro-RNA on its target mRNA are often validated by reverse transcription and qualitative PCR analysis using an appropriate housekeeping gene as an internal control. Among many housekeeping genes, expressions of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and beta-actin have been used extensively for the normalization of gene expression data.\[[@ref16]\] In this study, GAPDH is used as a negative control in comparison. The bands of mRNA were obtained at 1, 2, and 3 h intervals of time; these were compared with the negative control and were analyzed using densitometry. [Figure 2](#F2){ref-type="fig"} explains the relative levels of MMP-3 mRNA when compared with the negative control. The results show a statistically significant rise in the levels of MMP-3 gene at three different time intervals. MMPs have evolved as important regulatory enzymes in both pro- and anti-inflammatory pathways. MMP expression and activity are increased in any tissue injury and inflammatory disease process; there is growing evidence to prove that these proteinases function in inflammation, primarily to modulate the leukocyte influx, either through regulation of barrier function, chemokine/cytokine activity, or gradient formation. MMPs can both beneficial in regulating the host defense and also can be pathological in inflammatory disease. The physiological or a pathological role of an individual MMP is dependent on the substrate, cell type, and disease process. Sometimes, even a targeted inhibition may be of a limited value-added benefit or maybe even harmful also. Therefore, developing rational therapies require further identification of specific MMP substrates and characterization of the downstream consequences of MMP proteolytic activity.\[[@ref17]\] MMP-3 plays an important role in the acute pulpal tissue destruction of the inflamed pulp.\[[@ref7]\] Gene expression is not only confined to periapical inflammation but also in cases of chronic periodontitis increased levels of certain MMP genes causing the pathology.\[[@ref18]\] The expression of these MMPs was also seen in oral potentially malignant disorders and seems to be associated with the early tissue changes of these oral potentially malignant disorders.\[[@ref19]\] MMP-2 and MMP-3 have a major contribution toward the development of the periapical lesions and also the healing response. MMPs are strongly associated with the levels of inflammation and play an important role in the remodeling and resorption of bone.\[[@ref20]\] They are secreted as proenzyme forms and require extracellular activation. They are seem to be regulated by endogenously secreted inhibitors such as TIMPs.\[[@ref20]\] Clinical and radiographic evidence support a role of MMPs in osteoclastic bone resorption and bone metastasis. MMPs act in degradation of organic matrix, mainly type-1 collagen.\[[@ref21]\] Their expression is frequently induced by interleukins (ILs) such as IL-1 and IL-6 which have a role in bone-resorbing activity.\[[@ref22]\] MMPs seem to play an important role in periapical pathology development and also the elevated levels report to correlate with the nonhealing.\[[@ref23][@ref24]\] Due to their various roles in the bone remodeling, immune responses, caries, and dental development, we can generalize that variations in the MMP and TIMP genes may alter the level of bone destruction and remodeling and contribute to the formation of more extensive periapical lesions in teeth with deep caries. In summary, it can be suggested that markers in MMP-3 and MMP-2 genes could help to predict the host susceptibility to the developing periapical lesions and healing response.\[[@ref25]\]

CONCLUSION {#sec1-5}
==========

This study proved the significantly increased levels of MMP gene at different intervals of time, thereby it can be concluded that MMP-3 levels are higher in inflammatory conditions, and these increased levels are mainly due to the spread of the infection. Therefore, MMPs play an important role in the degradation of the collagenous structure and spread of the pathology. At the same time, they are the essential components in the physiologic tissue remodeling process.
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